I. Measurement error due to the current leakage
A finite input impedance of a voltage amplifier which was used in the measurement circuit causes artifacts due to the current leakage which we should distinguish from the real signal.
In Fig. S1a we show a device in which such a current leakage effect was clearly observed.
The nonlocal resistance NL R was measured by injecting current from terminal 8 to 5 and measuring voltage difference between terminal 4 and 3. Local resistivity  was measured simultaneously by detecting the voltage drop between terminal 7 and 6. The nonlocal voltage was measured after being amplified with a commercial differential voltage amplifier (SR560) with a 100 MΩ input impedance. 
emerges. There is a characteristic scaling relation between NL R and  , i.e. and  in the device shown in Fig. S1a . The measurement was performed with a DC setup.
As described above, the characteristic scaling relation Z due to the current leakage to the ground is given by 
We also measure the two-terminal resistance between the terminals 6 and 7,
Similarly, for the measurement of 67,45 R ,
and meas leak 67,45 67,45
We also measure the two-terminal resistance, 
Im Z , and meas 67,45
Im Z , respectively.
Therefore the values of a , b , c , and d are all experimentally derived. By using them, we calculate the real part of the nonlocal impedance due to the current leakage effect using the following relations, and Re
The correction is usually very small as shown in Fig. S4 for NL 45,67
example. After all we see that the current leakage effect does not alter our conclusion.
Therefore in the main text, we only showed the data without correction or real part of the measured nonlocal impedance. 
II. Nonlocal resistance measured by swapping injection and detection terminals
Fig . S5 shows the NL R along the green axis of Fig. 2b 
IV. Derivation of activation energy of local resistivity
The temperature dependence of the maximum local resistivity for each fixed displacement field D was fit to the double exponential function of equation (4) in the main text. When the data points are plotted with respect to the inverse temperature, the intervals of the data points are not uniform as shown in Fig. 3a . To extract the activation energy
E , the data points were not weighted according to the density of the data points. This is because the data points in the high temperature regime are dense and the fitting without the weighting allows more correct estimation of E saturates for the region of small D . This saturation is attributed to the mobility edge effect 4 .
Note that to extract the crossover temperature in Fig. 3a , the data points were weighted according to the density of the data points. 
V. Derivation of activation energy of nonlocal resistance and crossover behavior of nonlocal resistance in displacement field dependence
The temperature dependence of the maximum nonlocal resistance for each fixed D was fit to the double exponential function of equation (5) in the main text. In the same way as for the local resistivity, the data points were weighted to extract the crossover temperature but not weighted to extract NL 1 E . Fig. S8 shows the extracted activation energy (4) and (5) to the cubic scaling in equation (6) Note that in ref. 3 , similar activation energy between local and nonlocal resistance was found, while our results show discrepancy between them.
The crossover behavior we observed for the T dependence of NL R in Fig. 3b of the main text was also observed for the D dependence of NL R . Fig. S9 shows the D dependence of max NL 1/ R obtained at 70 K. The data points were well fitted to the function:
In this figure we define the crossover displacement field c D at the point where the first term (green line) and the second term (red line) of equation (S13) intersect. 
VIII.Derivation of nonlocal resistance scaling for the edge dominant transport
To take the nonlocal transport mediated by localized edge states into account, we employed a resistor network model. This kind of resistor network model was previously used to describe the nonlocal transport in an imperfect 2D topological insulator which has a dissipative edge channel and the residual bulk conduction 6 . Here we assume the case where the edge transport is dominant and the lateral transport via the bulk states is negligible because we already discussed the opposite case where the nonlocal resistance is given by van der Pauw formula for the bulk dominant transport in the main text. Fig. S13 shows the resistor network circuit modeled here. By using transmission matrices and taking the limit of 0 x   (see Fig. S13 ), we obtain
while for 1 2 , l l  , it is approximated by
On the other hand, the local resistance is given by the parallel connection of the upper and lower edge resistances as,
In the analysis in the main text, we defined two dimensional resistivity as
and then it is given by
So for 1 2 , l l  , from equations (S15) and (S18), the relation between NL R and  is given by the following formula.
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In equation (S19) bulk  also depends on D , so that the actual scaling relation of NL R vs.
 should be more complicated.
On the other hand, when 1 2 , l l  , from equations (S16) and (S18), the scaling relation between NL R and  is given by
In either case, the scaling relation obtained here cannot be applied for the observed cubic scaling. Therefore we exclude the possibility of the edge mediated nonlocal transport in the present study. 
IX. Self-consistent model of valley current mediated nonlocal transport
The nonlocal resistance which results from the combination of the spin Hall effect and the inverse spin Hall effect was previously calculated for a sequential conversion picture 7 as discussed in the main text. So for a large displacement field, the valley Hall angle exceeds one. In such a case, the sequential conversion picture fails. We need to treat the problem in a self-consistent way with a certain boundary condition. 
where we assume uniform xx  and VH xy  . We neglect the current dispersion effect, so the charge current density is zero except for the region B. In the region B, we assume the uniform charge current density 
